This 
Introduction
Mobile Learning has recently raised a lot of attention. There are a number of explicit Mobile Learning conferences such as Wireless, Mobile 26 or the magazine e-learning. 27 Additionally, the International Association for Mobile Learning was founded in 2007. 28 With mobile learning, both growing and maturing as a discipline, there is a need and an opportunity to review progress in the field and offer guidelines for the development of future research projects.
Notwithstanding the increased attention from conferences and publications, there is still no common understanding for Mobile Learning. More precisely, there is not even a consensus about the term itself. There are more or less interchangeable terms such as wireless, ubiquitous, seamless, nomadic or pervasive learning/ education, as well as mobile computer-supported collaborative learning, and mobile e-learning. Situations such as the state of creative fuzziness of terms and concepts are typical for an emerging discipline. It is time now to reflect on the results achieved thus far. We focus on pilot projects, i.e. projects that have developed and tested innovative mobile learning technology in the field. New entrants to this research area can benefit from a systematic analysis of achievements, thus avoiding the repetition of mistakes; consequently, work is done in the most promising areas. This review gives an overview of the design space in mobile learning and allows developers to make better informed design choices. Last but not least, the researchers can more easily identify interesting projects in the structured list (see Appendix) and thereby gain better access to the literature. This paper uses a framework to systematically position and analyse different kinds of mobile learning projects found in the most prominent Mobile Learning research literature. We then step forward and critically synthesize central benefits and values for each kind of Mobile Learning, thus going beyond the omnipresent and run-of-the-mill characterization 'learning anytime and everywhere'. We report the screening of 1469 publications and the analysis of 102 projects from which a number of common hidden pitfalls are revealed and recommendations are made on how to avoid or at least relieve them. The discussion is structured according to the Mobile Learning analysis framework, from Sharples and Taylor (Taylor et al. 2006; Sharples et al. 2007b) , and analyses context, tools, control, communication, subjects and objectives of Mobile Learning projects. In the next section, we introduce the research methodology and data collection and review prior overviews.
Method

'Review' as a research method
The authors of this article have built up expert knowledge from participating in the project MOBIlearn.
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Further expertise was gained during 5 years of field studies with the project mExplorer (Göth et al. 2004 Schwabe & Göth 2005a,b; Göth & Lueg 2006 ) that was initiated during MOBIlearn and minor field studies when presenting mobile groups with ad hoc tasks .
The purpose of this article is to discover common ground and similarities, along with differences, inconsistencies or contradictions within the domain of Mobile Learning. We want to generalize findings from single scientific works and prospect for patterns and gaps in the research field (Mertens & Holzner 1992; Fettke 2006) . The appropriate scientific method to do so is a review (Woodward 1977; Light & Pillemer 1984; Cooper 1988 Cooper ,1998 Cooper & Hedges 1994; Mulrow 1994; Fink 1998; Tranfield et al. 2003) , which is broader than a literature review, but less empirical than a meta-analysis. A literature review is limited to a snapshot and critical report of the current state-of-the-art, whereas a review is extended by a comparative analysis and an integration of various existing works. A metaanalysis, on the other hand, can only be used to integrate empirical data across different works if all answer one sharply formulated research question (Bortz & Döring 2002) . Such a situation does not currently exist in the domain of Mobile Learning.
The basis of this article is an exhaustive literature review of conference proceedings, state-of-the-artarticles and journals. The paper offers a survey of mobile learning projects based on a systematic review of publications from: MLearn 2002 MLearn , 2003 MLearn , 2004 MLearn , 2005 • Existence of a prototype, i.e. a system that could be given to learners. We expected at least some component that would not be part of a standard configuration of a commercial mobile device.
• Educational-oriented user test, i.e. the system was given to authentic users (learners) in an authentic learning context with the goal of learning something. We excluded all projects, where user tests were only done to evaluate adaptivity, performance, technical features, functionality or usability of a system without clear educational evaluation.
• Availability of robust results, i.e. results needed to be available, scientifically traceable, plausible, relevant and not preliminary only.
Furthermore, we did not consider pure infrastructure projects targeted at providing learners with devices and built-up wireless networks. As well, we did not consider learning management systems, technical platforms or unspecific collections of tools without being embedded in a specific learning scenario.
Because of the large number of articles, we could not read them all in detail. Instead, we scanned each article by reading its title, abstract and headings. Papers that did not cover Mobile Learning were dropped. For the remainder, we applied our filtering criteria. We expected headings like 'prototype', 'system', 'field test', 'user trial', 'educational setting', 'evaluation', 'results' and the like. Positive findings were collected and scanned on a deeper level of detail. As soon as it became clear that a project did not meet one of our requirements, we stopped reading. In this manner, we identified 102 Mobile Learning projects. The selected publications were read on a level of detail that allowed us to understand the project in order to rate it according to our analysis framework. The identified projects and their classification are listed in the Appendix (Table A1) .
We used the task model for mobile learners by Sharples and Taylor (Taylor et al. 2006; Sharples et al. 2007b) as analysis framework. We could have used other frameworks such as Laurillard's Conversational Framework (Laurillard 2002) or TCI -Theme Centered Interaction by Cohn and Matzdorf (1992) . We chose Sharples and Taylor's model because it is explicitly targeted at mobile learning. In the next section, we introduce the framework and justify its usage. One contribution of this paper is to demonstrate the usefulness of the framework for the purpose of analysis in the domain of Mobile Learning. This has not been done previously to such a large extent.
The task model for mobile learners
The task model for mobile learners (Taylor et al. 2006; Sharples et al. 2007b ) has its roots in activity theory (Engeström 1987) and was explicitly designed to structure and analyse Mobile Learning -both on a detailed level and meta-level of projects. Sharples and Taylor expand Engeströms model, which fails to resolve the complex interdependencies and dialectic of learning and technology.
The upper part of the triangle of Figure 1 contains the three standard factors: the learner (subject), the learning goal [object(ive) 33 ] and the tools that are used to mediate the learning goals to the learner. For instance, tools can be the teacher, a book, a text, a learning-video or an e-learning-module. Even an environment and its objects, or a certain situation can be used as tools.
The model extends the standard factors on the baseline of the triangle by three influencing factors (context, control and communication) which are often ignored or handled implicitly in standard learning arrangements, but which turned out to be very relevant for Mobile Learning. One main characteristic for mobile technology is its portability, i.e. devices can be taken into an environment (context) in which it makes most sense to learn. Learning in context raises the challenge to scaffold and moderate the process of learning (control), compared with learning in a classroom. Distance and time must be bridged. Teachers, as well as learners, are in danger of losing track of the ongoing activities. Control is therefore an issue, which has hardly been dealt with in Mobile Learning literature as yet, but which must be planned thoroughly and be handled in a dynamic and flexible way. Mobile technology provides considerable means to support this. Also, because learning in context is supposed to follow the demands of constructivism, there needs to be communication and cooperation among learners, which improves the reflection on action (Schön 1983) . These relevancies will be discussed later in greater detail.
Each factor is connected to all other factors, symbolizing the dynamic and complex interdependencies among them. A variation of one factor always has an impact on other factors. The factors are very useful in reducing the complexity of dynamics when describing a specific instantiation of a learning setting (i.e. a project) in a structured way.
The model addresses another challenge of any computer-assisted learning environment (including Mobile Learning). When describing computer-assisted learning environments, it is often a source of confusion how to deal with the dialectic of the technological and pedagogical space. Both spaces are linked to each other because technology enables educational processes. However, they must be seen separately because the same technology setting can be used for different educational approaches, and vice versa, the same educational approach can be achieved with different technology (Taylor et al. 2006; Sharples et al. 2007b) .
settings. The model pays attention to the dialectic as the triangle must be interpreted in at least two layers: the technological and semiotic (Taylor et al. 2006; Sharples et al. 2007b) . In this paper, we stress the semiotic layer and interpret technology as the enabler.
Usage of the task model for mobile learners
The six factors in the framework, namely, context, tools, control, communication, subject and object(ive), enable describing any Mobile Learning project in a structured way. In a first step, each factor can be portrayed separately and isolated, ignoring the complex interdependencies between factors. Assembling all factors within the triangle produces a complete picture for a specific instantiation of a project. A dynamic view of a project affords building up a new triangle for any instantiation and version. The changes from one instantiation to another can be well documented in this fashion. Unfortunately, there were only very few projects with different well-documented versions. The project mExplorer (the authors' main project) accounts for at least seven versions .
In the next step, the framework allows for a multiproject analysis. First of all, projects can be bundled by means of similarity using any of the six factors as dimensions for categories. Section 3, 'Prior overviews and definitions', discusses in greater detail why we bundled and categorized projects in contrast to the approach of other researchers.
In a further step of analysis, one can compare factors across a high number of projects and find patterns or gaps, and thus draw conclusions for each factor. With an overview, it becomes possible to mark the bandwidth of possible variations and concretize the potential of Mobile Learning. The gap between the current state and the potential helps in identifying the current readiness of Mobile Learning.
In order to reduce complexity, we have defined for each of the six factors one core issue to be presented in detail in the following sections. Each core issue has a scale with two extremes, e.g. very low to very high, on a five-point scale. This auxiliary construction allowed us to present the analysis down to a single project level by simple figures in Table A1 . The figures are based on our evaluation. Furthermore, we added example projects to illustrate the points we wanted to make. If there were several possible examples, we preferred the one published in a journal or which were known large pathfinder projects. Table 1 gives an overview of the core factors and will be explained in detail in the following sections. Here, it serves mainly as a template for the structure of the rest of this paper.
Prior overviews and definitions
The huge variety of Mobile Learning is confusing and challenging to deal with. For instance, it is hard to point out the added value and benefit of Mobile Learning as a whole. Sometimes, the added value is convenience, sometimes an increase in motivation, sometimes a higher level of mental or physical activity, and sometimes a provision of better means of controlling learners or an enrichment of an environment, and so on. At present, we can state specific added values when analysing specific systems, but not for Mobile Learning in general. There are similar kinds of Mobile Learning projects that can be bundled and treated as a single class of Mobile Learning in order to reduce complexity. However, prior overviews have not yet really found an effective means of classifying Mobile Learning. We use a framework with multiple dimensions to analyse the Mobile Learning field in order to capture the richness of the emerging mobile learning research arena. We believe that only a theoretically grounded framework enables deeper reasoning about the field.
Some prior state-of-the-art articles did not classify Mobile Learning at all, but collected a list of various 'typical' projects, e.g. Lehner et al. (2003) and Trifonova (2003) . Other prior researchers have relied on single factors to structure their overviews of the field. Some used the factors 'tools' (Roschelle 2003) because Mobile Learning is simply defined as 'e-learning with mobile devices' (Quinn 2000; Kinshuk et al. 2003; Ally 2004 Ally , 2005 Doherty et al. 2006) . Roschelle (2003) made a useful distinction of different application types of Mobile Learning: classroom response systems, participatory simulations, and collaborative data gathering. This distinction mirrors the factor 'tools' from the user task model. Naismith et al. (2005a) suggest a classification with the underlying pedagogy of a Mobile Learning setting with six categories: (1) behaviourist, (2) constructivist, (3) situated, (4) collaborative, (5) informal and lifelong learning, and (6) support for learning and teaching. In terms of the user task model, this would mean an 'objective' classification of the method and educational paradigm in which the objective is to be reached. Unfortunately, a single setting could be constructivist, situated, informal and collaborative at the same time. A systematic analysis of projects which can be equally positioned in several categories is not possible. Frohberg (2008) proposes using context, i.e. where the learning takes place, as a classifying criterion ( Figure 2 ). It has been proven to be robust with disjunctive categories because 118 projects could clearly be positioned inside. Furthermore, the single categories indicate a level of maturity. Providing content to a mobile device (independent context) is, for instance, clearly less advanced and innovative than building a virtual reality for learning (physical context). Context in the understanding of Frohberg (2008) is the first dimension of Sharples et al.'s framework (2007b) that is to be analysed in the subsequent section.
Context
Frohberg's classification consists of four categories: independent, formalized, physical and socializing context. The labelling indicates the relationship between the context of learning with the context of being, i.e. the environment of the learner. The full details of the classification are presented in Frohberg (2008) . Below, we present a brief overview of the categories and illustrate each with a typical example.
Independent context: Skills Arena and Knowmobile
A project is categorized as 'independent' if the current environment of the learner has no relationship to his or her current issue of learning. Skills Arena (Lee et al. 2004 ) is, for instance, a system to drill the basic arithmetic operations anytime and anywhere. There is no specific cognitive advantage for the learner to learn mathematics with Skills Arena in a train. He could as well do it in a bus, at home or at the beach. It does not matter. The context of being is independent from the context of learning. It is, of course, not impossible to make use of such a system in a related context as well. Project Knowmobile (Smørdal & Gregory 2003) provides a mobile access to a medical database anytime and anywhere for medical students. If students make use of it during an internship in a hospital, the transition from independent towards physical context (see below) is smooth.
Formalized context: classtalk
The context of a learner in a project classified as 'formalized' is usually the classroom or a classroom-like setting. Even though the classroom has no cognitive relevancy for the context of learning, it has an organizational function. It synchronizes a number of learners to be within the same context and thus they benefit from each other. The main goal of such projects is the cognitive or corporal activation of learners. Classtalk (Dufresne et al. 1996) , as prime father and representative for classroom response systems, allows a teacher in Mobile learning projectsa lecture to activate students by, for example, multiple choice questions. The students answer them electronically and the system converts all answers into a histogram. Thus, a teacher can activate a mass of learners and gain transparency about their knowledge and level of understanding.
Physical context: museum projects
If a project is classified as 'physical context', the place of being is relevant for the learning issue. Examples here are electronic, mobile museum guides as, for instance, the Tate Modern Multimedia Tour Pilot (Proctor & Burton 2004) . Visitors are equipped with a personal digital assistant (PDA) that presents information according to the object in front of which they are standing. The MOBIlearn project (Bo 2005 ) developed a context awareness system that delivered content to museum visitors depending on the museum exhibit they were currently viewing (location) and the time spent in front of the exhibit (thought to reflect personal interest). The location filtered content for relevance to the current situation, although the inferred interest level determined the level of detail of the content. Further contextual information (such as user annotations of content, sharing of content among users and the user's trajectory within the museum) was used to identify potential areas of interest and provide recommendations for additional exhibits to view. Tests in the Uffizi gallery in Florence confirmed the potential of this approach for utilizing context, as well as the challenges involved in capturing context data and providing them to the learner in a useful manner. The Myartspace project (Sharples et al. 2007a ) takes a different approach to utilizing physical context. The service, run on mobile phones, enables pupils to visit the museum with their schools to capture elements in context in the museum by taking pictures, recording audio clips, writing text notes and collecting multimedia content about museum exhibits by typing in a two-digit exhibit code that is displayed on a label next to the exhibit. Thus, elements of the physical space of the museum are embedded in learners' efforts to represent objects of interest in the personal space on their mobile phones. After the visit, these annotations of the physical space are available to access and share on the virtual space of a visit website.
Socializing context: Loch
Finally, in a 'socializing context', learners share sustainable, interpersonal relationships including current or past situations, emotions, friends, learning history, etc. This context covers informal learning (Dohmen 2001) , as well as learning in and from everyday situations. There are no projects that yet exist which would perfectly fit this category. The five projects listed in Table 2 only have single characteristics or aspects to indicate the principle idea of the category. In the Loch project , for instance, users learn a foreign language in everyday situations. The system guides them and a mentor can monitor learners to some extent. Learners can capture certain situations with a camera or by audio recordings. However, these functionalities are just an entrance into the socializing context. A fully fledged system would, for example, support an informal community of learners to exchange and reflect everyday situations and act as mutual peer coaches. Table 2 is the extraction of the factor context from the overview in Table 1 . In our systematic process of selection, we found most projects in physical context and almost as many in independent and formalized context (see Table 2 ), but hardly any in a socializing context. Note that this distribution of projects over categories has a research bias and may not reflect the real ratio within the practice of Mobile Learning. Projects in independent contexts are common in mobile learning practice (we estimate hundreds of projects). In order to qualify as a research project, they have to be sufficiently innovative or interesting to be accepted into research outlet. In our research, the contributions had to be beyond pure technology and concepts in order to qualify for further analysis (see section 2.1). We found 32 such projects.
The number of 27 existing projects in formalized context (mainly classroom response systems and participatory simulations) is quite manageable. We know of a number of additional classroom response systems that have been mentioned in other sources. We may have overseen a few more, but there should not be many more than 50 altogether.
The number of 38 projects in physical context is high, compared with the diffusion of Mobile Learning to practice because those projects are most innovative and add more knowledge to the nature of Mobile Learning than those from the lower categories do. The majority of projects in physical context passed our process of selection. We know of about double the number of projects from other sources that were not checked systematically. Many such additional projects are museum guides, others are in mixed environments. There are, as well, more projects supporting expeditions in nature, collecting data electronically with sensors. Thus, we estimate the complete number of projects within the field of Mobile Learning to be a few dozen.
There are actually no projects that would completely fit the category socializing context. The five projects 34 contain a number of characteristics that are helpful to indicate the characteristics of this category.
Comparing the numbers in the different contexts in a research context, we conclude that research effort is almost evenly spread across the independent, formalized and physical context. This means that research is evenly spread over different levels of innovation. Although about one-third of the researchers try to enhance the reach of e-learning to the mobile arena (=independent context), a little smaller group (formalized context) tries to improve the traditional classroom setting. A third group (one-third) strives to move learning to its natural environment. They typically struggle with context awareness as an important enabler of more situated learning. The next frontier (socializing context) is not yet well populated. We see a great potential for researchers to connect mobile learning to social network sites, where learners provide the necessary context information. However, important privacy issues surface here as well.
In the next sections, we analyse the remaining five factors: tools, control, communication, subject and objective.
Tools
'Tools' is the generic term for any material, medium, content, artefact, instrument, device and the like, that is used to mediate a learning process. These can be books, scripts, digital material, maps, manuals, paintings and computer devices. Even language, society or culture could be subsumed under tools (Taylor et al. 2006; Sharples et al. 2007b) .
As a core issue for tools, we concentrate on the cognitive method of how tools are used. On the low end of the scale (value 1 -content delivery), there is readily prepared content to be delivered to the learner. This is a one-fits-all approach maximizing efficiency for the teacher. The learner is only consuming content, being cognitively rather passive, and hopefully gains some factual knowledge with a low level of understanding and a low level of applied knowledge.
On the high end of the scale (value 5 -content construction), the learners are working actively with tools and are producing learning content on their own. This time-consuming approach targets effectiveness for the learners because it leads to a deeper understanding, and knowledge becomes applicable.
Between these two extremes of tool usage, we placed three further categories. Value 2 on the scale means, 'interaction (with tools) for (the purpose of) motivation and control'. On this level, content is still delivered, but some of it may be consumed more than just passively; for example, there can be a multiple-choice quiz or content that needs to be searched from somewhere in the environment. This kind of interaction can be an element in a playful approach to learning, and is supposed to raise motivation. As an additional effect, a teacher has the opportunity to gain more control and transparency of what the learner has done when observing the past interactions.
The correspondent to value 3 on the scale is called 'guided reflection'. Here, the tool delivers less content to the user. Instead, it focuses on the given environment, e.g. the surrounding, and gives the learner situated tasks on which to reflect. The learner has to reflect about the environment to precede the tasks.
Value 4 stands for 'reflective data collection'. Here, the learners have to explore an environment on their own. The tool is used as an instrument for measurement and data collection. The purpose is to provide the learner with self-gained, and thus, meaningful data to reflect and understand the observed phenomena.
Below, we describe five projects with different tool support levels.
Content delivery: from e-learning to m-learning
The project 'From e-learning to m-learning' (Keegan 2002) was initiated by Sony Ericsson and focused on the technological challenges when delivering prepared course material to a mobile phone. This was one of the first pathfinding m-learning projects. The researchers demonstrated how it is possible to provide access to e-learning content on a mobile phone. Students from several countries used the material and rated it as being 'satisfying'. m-Learning (Traxler 2002 ) -another early pathfinding project -focused on content delivery and accompanying collaboration support to underpriviledged students on mobile devices. The majority of the participants were unemployed and younger than 19 years. The reseachers reported an improvement in students' motivation, independence, literacy and numeracy skills.
Interaction for motivation and control: Musex
In Musex (Yatani et al. 2004) , school children were learning in a museum of emerging science and innovation. The learning was guided by a quiz with 13 questions running on a PDA. From a pedagogical point of view, a multiple-choice quiz is still a variation of content delivery. Instead of simply listing facts, a closed question is interposed. This intermediate step demands some activity of the learner, i.e. picking the right answer to the question. This activity, the immediate feedback by the system (right/false answer), plus physical movement in the museum, are supposed to raise motivation. Furthermore, the activity allows the teacher to control whether a learner has successfully dealt with an issue. That would not be the case if a learner only reads.
Guided reflection: mExplorer
The mExplorer (Schwabe & Göth 2005b ) started in 2003 as part of the European Union (EU) project, MOBIlearn. It is a guided orientation game to a university campus. The tasks in the game were used to engage the learner for further exploration of the environment. A first approach of simple quiz tasks showed that this did not lead to an active exploration. The next step was the design of interactive tasks with high context integration (Göth & Schwabe 2008) . These tasks depended on a specific location in a specific environment. For example, a learner had to find some information in a specific book. To fulfil this task, he has to find the library, learn to handle the library information system to write down the code of the book, understand the library code and the organization of the library, and finally locate the book. Thus, the tool was used to guide the student into a deeper reflection of his surroundings.
Reflective data collection: ImagiProbe
In this project (Vahey & Crawford 2002) , a PDA with several sensors was provided, e.g. a sensor for temperature, magnetic fields, light intensity, amperage, etc. The PDA integrated all these sensors and in this way provided the learner with a universal measurement instrument. The idea behind the project is that learners could observe and document natural phenomena in the real world environment, like the water pollution in a river. Thus, students could explore an environment by themselves and use the tool for data collection to reflect on it.
Content construction: PhotoStudy
This project (Joseph et al. 2005 ) is in the conceptual phase but it shows the idea behind 'content construction' very well. Here, language learning students created photos or short movies and annotated them with learned vocabulary. This material was transferred to a database where it was rated by experts. This material was also provided to other learners who could discuss the material or undertake tandem learning, which also provided material for mutual exchange and rating. In this way, the learners could actively learn languages.
Pure content delivery (value 1) is a rather poor way to activate learners or motivate them for deeper reflection.
Interactive elements (value 2), such as multiple-choice quizzes, are slightly better but still allow learners to remain rather passive when simply recalling factual knowledge. The large majority of the projects are rated with a value of only 1 or 2 (see Table 3 ). For those 32 projects in the independent context, a value of 1 or 2 is natural and within expectations. However, projects from contexts with a higher pedagogic ambition should perform with higher values. Many of them miss to implement elements that support deep reflection, knowledge application and cooperation. However, there are 27 projects with tools supporting reflection, data collection or knowledge construction. Thus, we conclude that the tool support of most projects is not pedagogically ambitious; a strong minority provides tools that aim at realizing higher pedagogical goals.
Control
Control reflects on the responsibility of the teacher or the learner for setting the right target and a meaningful process of learning. Control can range from tight teacher control to full learner control (Table 4) Both extremes on the scale have certain advantages and disadvantages.
Full teacher control is efficient for delivering specific content. Under full teacher control, the learners are following the teacher's instructions exactly. Also, all learners do the same thing at the same time, e.g. listen to a talk. The teacher has full transparency about the learning activities as he guides the learners on a direct path to gain knowledge. However, learners have no need to take responsibility, which can have a negative impact on their motivation. They are forced into a role of being mentally passive consumers. Furthermore, learners might perform the right activities but still lack the understanding of what they are actually doing and why they are doing it. They are able to reproduce information, but not necessarily applying it (Ploetzner et al. 1999) .
Because of these shortcomings, there is a high demand for a shift towards greater learner control, i.e. the learners design their learning process on their own and possibly even decide on the learning goal. On this extreme point of the scale (full learner control), there is a high danger of overstraining learners. Left alone, they might remain without orientation, fail to perform meaningful activities, develop false conclusions and conceptualizations, or stay inactive and frustrated (Dubs 2005) . Learners are not synchronized with each other. They do not act within the same mental context and their activities are not coordinated. Thus, the learning becomes inefficient and synergies among the learners can hardly be realized.
Consequently, the optimal level of control may be in between both extremes, that is, not the value of 5, but the middle value of 3 being most preferable. Learners need sufficient scaffolding to be oriented, but without being dominated. The optimization of the level of control is an important and dynamic challenge for any learning. First, it is dynamic because learners are not homogenous, and each individual may need a different level of scaffolding. Second, the need for scaffolding declines over time. Although initially more guidance is needed, ultimately, learners can become able to act autonomously. Third, control must be thought through on both an individual level and group level. Fourth, a learning environment may be dynamic and disturb learning or offer unforeseen opportunities (Frohberg & Schenk 2008) . In a mobile setting, the additional challenges are to keep transparency and to maintain the capacity to act over distance. With an optimal level of control, each learner individually has enough guidance to be able to act and reflect on his own. On a group level, the learners act in a coordinated way because they understand the interrelation of their activities. They regularly synchronize their mental context and thus benefit from each other with synergistic effects. At the same time, learners have enough elbowroom to apply and construct knowledge actively.
There is very little work which discusses the placement of mobile tools as means of control over time and distance. Classroom response systems and participatory simulations by themselves address certain limited aspects of controlling the learning process. It seems control has not yet been discovered as a critical factor for Mobile Learning in a physical context (Frohberg & Schenk 2008) . Consequently, we counted only nine projects with the preferable value of 3, i.e. best possible scaffolding of learners. In most other projects (53 with full teacher control and 22 with mainly teacher control), we believe that 'teacher control' is rather tight and could be released by making use of mobile means. In a few projects (11 with mainly learner control and 7 with full learner control), we view learners as having less orientation than would be ideal. Very few Mobile Learning projects with physical context explicitly considered, positioned or focused the usage of mobile technology as instruments to gain transparency and steer flexible learning activities there.
This finding sheds light on the evolution of Mobile Learning research because such a function is quite common in everyday life. Parents give mobile phones to their children so that they can be in touch with them when they are away from home. This finding sheds light on the evolution of Mobile Learning research. Most of the projects reviewed are early attempts at mobile learning, and combining both location-based learning and flexible support for learners is difficult. Some more recent projects [e.g. Environmental Detectives (Squire & Klopfer 2007) or MyArtSpace ] are taking a 'guided inquiry learning' approach to Mobile Learning.
Projects
It is difficult to rate projects on pure content delivery. One could argue that with control, the learners are fully teacher controlled (value 1) because the learning goal, the content and the didactic method (memorizing) are given and fixed. One could argue equally well that control was fully learner controlled (value 5) as the learners are completely free to determine how much and when they consume the prepared content. A substantial discussion of this conflict of perspectives does not lead anywhere, as both are extremes and do not serve the constructivist idea of scaffolding. Aware of this dilemma, we decided to rate such projects with a value of 1 and not 5.
Mobile technology offers many additional means of managing control more sensitively, dynamically and flexibly yet few projects make use of this potential. In the following section, we present examples for each value.
Full teacher control: Witec
We can learn most about control mechanisms when analysing classroom response systems [e.g. Witec (Liu et al. 2003) ]. Such systems are often designed to moderate the activities of a large group by a central person. The teacher starts and stops sessions such as a quiz, a brainstorming session or voting, thus activating learners. The input from learners is sent to a central database and cumulated to a histogram. Thus, the teacher gains transparency about the learners' performance. These functionalities for collective reflection are exclusively deployed in classroom response systems within an already very controlled setting. There they are rated with the value 1 in Table A1 . Such functionalities would create a huge value if they were used in settings with a lack of control and transparency, e.g. a class of students moving freely in a forest or town.
Mainly teacher control: Bird and Butterfly Watching Learning System
The Butterfly Watching Learning System (BWL) (Chen et al. 2004) , which follows the Bird Watching Learning System (Chen et al. 2003 ) is a very good example of an advanced and otherwise excellent Mobile Learning project. The BWL helps students to identify butterflies and learn about them. In the field test, a school-class was transported to a butterfly farm. The teacher made sure that the students would actually find butterflies and observed their activities simply by physical proximity. The students created a picture of a butterfly with a camera attached to their PDA and the system presented a selection of considerable butterflies. A butterfly database contained typical characteristics of the butterflies, and it was up to the students to finally identify the right one/s. With an integrated quiz tool, the learners were forced to repeat their knowledge and thus the teacher had transparency about their knowledge gained.
This butterfly project belongs to the most advanced ones in Mobile Learning. However, even this one does not fully exploit the potential of explorative learning. The setting does not allow the students to explore a natural environment for butterflies freely, such as in a meadow. With a lack of tools for mobile moderation, the teacher had good reason to fear a disorientation of his students, e.g. when not being able to find any butterflies. Furthermore, the students were not supposed to create their own knowledge by observation, but instead consumed factual knowledge from the omniscient database when answering behaviourist multiple-choice tests. Instead, there could have been an empty or fragmentary database with a predetermined structure of what to observe. Conflicting entries by different students could have been a starting point for further observations and discussions. After some initial instruction, the students could have continued to uniformly fill the database as homework.
Scaffold: Virus
Participatory simulations have been rated with the optimum rate of 3. In the exemplary projects Virus (Colella 2000; Klopfer et al. 2004) , which where both used in the Palm Education Pioneer Program, learners act as a virtual society with people being healthy, infected or ill. The actual status is shown by a mobile device. The players are physically engaged in social interactions and thus a virtual virus spreads via interfaces of the devices. Therefore, the learners are free to interact with whom they want and the system reacts dynamically, giving the interactions a meaning. Actually, control in such participatory simulations is rather tight because learners have to perform their activities according to strict rules. However, within the concrete setting, it seems optimal. Less guidance could lead to disorientation about the process and ruin the desired effects. More guidance could ruin the social experience, and thus, the mental authenticity of the game setting.
Mainly learner control: xTasks
xTasks (Ketamo 2003 ) is a platform for using mobile devices as a multi-user text editor. A teacher or tutor gives a task to a group of students and they can use the device for further discussion and the fulfilment of the task. The system supports them with several functions like text sharing, cooperative writing, and outline and structure support. However, the learner is guided by instructions being presented on the system, with the capability of a tutor or coach sending instructions in real-time as well. Still, the learner might quickly become overwhelmed if there is no coach online or if a situation demands a quick reaction. Thus, guidance might sometimes be too little.
Full learner control: HandLeR
HandLeR (Sharples et al. 2002 ) is a device especially designed for young learners aged 7-11 years. The learner can use it for reading learning material, image annotation, generation of idea maps and communication with other users. The system is explicitly designed for individual learning. The learner can use the device and be more or less left as s/he chooses. There is no guidance being provided by the mobile device on how to use it for learning. HandLeR is a tool, the usage of which is fully learner controlled. Table 4 shows that most educational settings in Mobile Learning prefer a rather tight guidance by a teacher with little free space for the learners. Often, control is realized physically by spatial restrictions and direct interaction or by thorough preparation of an environment with authoritarian instructions. Depending on the learning goal, the target group, their previous knowledge and their autonomy, a tight control might be acceptable, not to be criticized in principle. However, the real potential of Mobile Learning might be awakened when realizing arrangements with more space and freedom for learners, still giving them guidance by scaffolding their activities.
Communication
Learning is not an exclusively individual process; it usually includes social aspects. The learning process is always affected by the interaction and communication with other persons of the learning group, such as the teacher, participants of a course or classmates (Reinmann-Rothmeier & Mandl 2001) . If communication and interaction are encouraged by the learning scenario, it leads to deeper knowledge. By discussing, analysing or working together with other learners on a specific learning aspect, they start an intensive reflective process. By working together with other learners, they find their own knowledge gaps and deepen the learning (Wild et al. 2001) . This shows the importance of communication in a learning scenario. Mobile technologies have the potential to improve that communication and interaction in a Mobile Learning scenario by offering different communication channels.
The scale of communication describes the degree of communication and interaction between different learners in a learning scenario. On the one side of the scale there is the isolated learner. She does not interact with anything other than the learning material and the given tools. Additionally, she is responsible for reaching the learning goals on her own. The next level of the continuum is where learners are put together in loosely coupled pairs. They use the same device or consume the same learning material. However, the learning scenario forces no additional communication or interaction between the pairs. If the learners are closely paired, the next level of the continuum is reached. They also use the same device or the same learning material, such as the loosely coupled pairs, but the learning scenario gives tasks which are aimed at enhancing the communication or the interaction, for example, solving a specific exercise. They can discuss with each other and help their teammates. This may lead to better reflection, better guidance and faster attainment of the learning goal. Level four of the continuum connects several closely paired teams, and forces the communication or the interaction between them to improve mutual reflection. The last level of the continuum is where the learning scenario forces the collaboration between the teams to fulfil the learning goal. Below, we describe five projects as an example of the five different communication levels.
Isolated: Tate Modern Multimedia Tour Pilots
The Tate Modern Multimedia Tour Pilot (Proctor & Burton 2004 ) project focuses on a digital multimedia tour guide which directs visitors through the Tate Modern Gallery of London. The visitor of the gallery receives a PDAwhich delivers context-specific information. The information is presented as text, audio, zoomable pictures and videos. There are also interactive elements in the system, such as questions about exhibits. The visitor moves through the gallery and gets the prepared information as he moves to an exhibit. The system is designed only for individual usage, allows no communication and does not provoke further communication. In this way, no positive effects of communication are used. Instead, the user merely consumes, rather passively, the information without being forced to reflect.
Loose pairs: The Lost Worlds of Somers Town
The Lost Worlds of Somers Town (Bradley et al. 2005) is quite similar to the Tate Modern project. It comprises a digital tour guide through London, presenting how London looked 200 years earlier. The PDA also delivers location-specific multimedia information to the user. The difference is that the system has the opportunity for the usage as pairs. Two PDAs are linked together to present the information simultaneously to two persons. Much of the delivered information is in the form of audio articles that can be heard by the two persons at the same time. This leads to commentaries and discussions about the information.
Tight pairs: AmbientWood and mExplorer
Ambient Wood (Randell et al. 2004 ) is a system to support learners, although exploring woods where they are confronted with several ambient devices, like loudspeakers, to play bird sounds or other wood noises, or with small displays, to provide videos about the wood. Learners explore the wood in tight pairs. Cole and Stanton (2003) report on good results of this cooperative exploration like the high advertency.
Also, the mExplorer uses tight pairs. In 2004, we tested the mExplorer with individuals and teams of different group sizes . The groups played with a single PDA and in this way were forced to interact with their teammates. They had to decide what to do next, how to complete a task or just determine where they were on the campus. The evaluation shows that the team players are much more active and efficient than individuals. The players in teams of two fulfilled 4.41 tasks in contrast to 2.77 fulfilled by individual players. Also, the team-building effect and the fun was better. This indicates that tight pairs are a good choice for Mobile Learning systems.
Group communication: Savannah
In contrast to the mExplorer, where interaction happens only between the players in a team, Savannah (Facer et al. 2004 ) focuses on interaction between groups. School children play a simulation in which they are playing lions in the African savannah. They move physically around in virtual savannah areas and survive as a lion. In this way, they learn a lot about the balance of predators and prey and the impact of humans on the lions' living space. The evaluation shows that there is a lot of social interaction among the players. The children collaborated in the game but did not collaborate to fulfil the learning goal, e.g. to act as a pride of lions and learn something about that.
Cooperation: MOOP
In the MOOP (Mattila & Fordell 2005) project, the system is explicitly designed as a tool to support cooperative learning in school classes. The purpose of the system is to bring different observations from nearby surroundings into the classroom. The learners can make photos, videos and voice annotations with a global positioning system (GPS) location tag, exchange them and work with them. Information from the neighbourhood is used in a cooperative learning process. For example, the learners visit a recycling centre and should produce learning materials to answer the questions of why a recycling centre smells and why there are so many birds there. The final discussion takes place right there at the location or later in the classroom. The learner could collaboratively generate his own knowledge.
As described above, communication, interaction and cooperation are important for reflection and, in this way, contribute to learning on the whole and lead to deeper knowledge. The five examples show huge differences between individual learners and learners in loose pairs and groups. Individual learners have a lower activity level and lower reflection rate. This observation is supported by data from the mExplorer test ). The literature review shows that most projects focus on learning scenarios with low communication and interaction (see Table 5 ). From the analysed 102 projects, 49 projects have isolated learners and 29 have learners in loose pairs. Only 24 projects (9 with tight pairs, 7 with group communication and 8 with cooperation) enhanced the learning scenario with advanced communication and interaction. Thus, much potential for deeper reflection and deeper learning is lost.
Subject and object(ive)
The subjects in a learning process are the learners. Viewing all the projects, we notice one common pattern. The educational settings across all categories are geared to novice learners (89 projects) or learners with very limited previous knowledge (6 projects) such as young pupils, fresh students or first-time visitors in museums (see Table 6 ). Only seven projects address learners with good previous knowledge. There are no projects with learners that have much previous knowledge or can be called experts. At first glance, the strong focus on novice learners seems natural and does not attract attention. It is simply the easiest to teach something to novice learners on a level of factual knowledge, which can statistically be measured to prove the effectiveness of the teaching effort scientifically. Furthermore, researchers often have easy access to this target group, especially university students. Selecting novice learners is adequate as long as the objective is defined as 'transferring factual knowledge'. This is usually the case for Mobile Learning in an independent, and very likely, formalized context. According to Table 6 , all projects in both categories address learners with no or little previous knowledge.
However, it is not necessarily adequate to select novices in physical or socializing contexts. The fundamental reason to have learners learn in a relevant context is to let them apply and process their knowledge and to acquire new knowledge by themselves when exploring, cooperating, and thus reflecting on the environment and their activities. Novice learners are usually not expected to be able to perform these higher forms of learning. Rather, they would need to build up a knowledge basis first and perform their activities under tight control.
There is a plethora of well-established, conventional ways to lift learners from a novice level up to a trained level, e.g. a guide book, a guided tour, information panels (museum), etc. To position Mobile Learning here, means to extend those ways with a vague value or even to compete with them. By contrast, there is hardly any conventional support for learners that have already reached a trained level and who want to advance. In their continuously evolving context, they have a lack of means and instruments to reflect and process their knowledge, to record and share their insights with others who are not physically present, and to create material to work with in a self-reflecting or cooperative process.
To position Mobile Learning in this niche would facilitate an innovative learning support that was not possible before and thus establish an immediate value.
Such newly positioned Mobile Learning asks for a different pedagogical paradigm and a reshaping of mobile applications. In accordance with Bloom's wellknown taxonomy 35 of educational objectives (Bloom 1953) , Mobile Learning should no longer limit itself to create knowledge and comprehension, but rather support learners in applying, analysing, synthesizing and evaluating their knowledge. Table 7 shows that there are only 18 projects that provide any higher level of learning than factual knowledge or comprehension. And here we were rather generous with our rating.
Limitations
Literature reviews are always a selective snapshot in time. We included the most prominent mobile learning conferences and journals, but some prominent mobile learning papers may have been overlooked because they were published in neighbouring disciplines or under a (Taylor et al. 2006; Sharples et al. 2007b) may have led to circularities if a significant number of other Mobile Learning researchers used it to inform their own research. However, this is unlikely as the available publication from 2006 (Taylor et al. 2006) has only 11 citations in Google scholar. The newer publication (Sharples et al. 2007b) was not officially available to authors of the surveyed papers.
Conclusions and summary
In summary, on a meta-level, one can see the way forward to developing Mobile Learning in order to push it towards its greatest potential that is presently hidden. Mobile Learning can best provide support for learning in context. There, learners are asked to apply knowledge and not just consume it. Novices are often not ready to do so, thus Mobile Learning should better address more advanced learners first. Content delivery can often be provided by other means; therefore, Mobile Learning should provide instruments to provoke deep reflection, communication and cooperation. With learners participating in pairs or groups, they do not become isolated. Special tools for monitoring and moderation give learners more elbow room, without losing transparency for the teacher and without risking disorientation of learners. Objective would have been a more accurate translation of the Russian [Taylor] 34
Notes
The projects can be identified using Table A1 . 35 One may use any other taxonomy for learning. 
